One hundred and seventy-three mature New Zealand white rabbits and 28 immature were employed.
For "chronic" recording, permanent bipolar concentric electrodes made of stainless steel tube and cores, insulated by Formvar, except at the tip, were implanted in the brain stereotaxically.
Electrodes were fixed in position by acrylic resin attached to the calvarium and to screws embedded in the skull. Silver ball electrodes resting on the dura were used for cortical records.
Twenty to 25 days later, when the rabbits recovered from the post-operative invasion, they were placed in a sound-proof room with constant illumination. EEG recording was carried out from several parts of the brain at an arousal stage using an electroencephalograph (Sanei, EG-900). During EEG recording the rabbit was free to move around on an observation table or in a cold box, to eat , drink and sleep; thus all the acute stress factors except cold were excluded.
The EEG was analyzed with a band-pass type analyzer (Sanei, EA-201) into 5 frequency bands, such as 2-4 cps, 4-8 cps, 8-13 cps, 13-20 cps and 20-30 cps; each analysis period being 70 seconds.
Cold exposure was applied by placing the animal in a cold box in which it was possible to control the temperature. Stimulation consisted of monophasic square wave pulses delivered unilaterally with a Sanei stimulator (ES-103) and isolation unit for one hour, 60 sec. on and 60 sec. off, at 0.5 msec. duration, 100 cps. EEG and EMG were recorded during stimulation and inter-stimulation period to detect whether or not an EEG seizure pattern and EMG grouping discharge were induced by the stimulation. The position of the electrode implants in the brain were examined histologically of ter the experiment.
EEG recording and stimulation of each part of the brain were performed using 6 to 12 rabbits respectively. For the administration of adrenocortical hormone and thyroid hormone, hydrocortisone acetate (Merck & Co., Inc.-U. S. A.) and 1-thyroxine Na (Teikoku zoki & Co.) were used. Adrenalectomized rabbits were used for the experiment 4 days after the operation so that the accessory adrenocortical deposits would not develop, while thyroidectomized rabbits were used more than 3 weeks after the operation, when previously secreted thyroid hormone must have been completely consumed. Central grey The basic wave of the central grey was characterized by a rhythmical sinusoidal wave of 4-8 cps. It was enhanced under exposure to extreme cold. During the first half of the cold exposure, the synchronization and the amplitude of the theta wave were enhanced most remarkably.
RESULTS

The
In 7 out of 9 examples the 4-8 cps component increased by 16-30% (av. 25%) in integrated value. (10 seconds) after 3 to 9 hours of cold exposure.
Then it gradually decreased, and after 12 hours of cold exposure returned to the control level. The 8-13 cps component hardly changed, although it increased a small amount. On the other hand, 2-4 cps and 13-20 cps frequency components showed a tendency to decrease. Two of the 9 examples showed a gradual increase of all frequency components after they were exposed to extreme cold, and reached their peak after 12 hours of cold exposure.
The 4-8 cps theta wave showed a remarkable increase of 25-30% in integrated value at the 12 hours. When removed from the cold exposure all of the 9 examples returned within an hour to the control state.
In mid-summer the basic 4-8 cps wave of the central grey under cold exposure increased in rhythmicity and amplitude remarkably, while in winter 4 out of 8 examples hardly changed and the amplitude of the wave was decreased in 2 of 6 examples.
Therefore, the results showed that the activity level of the central grey was enhanced under cold exposure and that this was especially remarkable in summer, while it was less obvious or declined in winter. Septum Opposite responses to cold exposure were observed between EEGs recorded from the medial part and the lateral part of the septum.
As for the activity of the medial septum, the amplitude of the wave was decreased both in summer and winter under cold exposure, but in midsummer the change was the greatest.
The EEG of the medial septum consists of a 4-8 cps theta wave superimposing on the 20-30 cps component.
When the rabbits were exposed to extreme cold, all frequency components decreased.
These changes appeared after 30 minutes of cold exposure, and they retained the level for 12 hours of cold exposure. When the animal was brought back to the normal environment, the 4-8 cps component was increased above the control level for about 30 minutes and then it gradually recovered; in an hour it returned to the control level.
As for the EEG of the lateral septum, fast wave is the dominant component and is mixed with irregular slow waves in arousal state. When the rabbit was exposed to cold, regular rhythmic theta waves of 4-8 cps domina-ted over other frequency components.
The integrated value of 4-8 cps and 20-30 cps frequency components increased about 20-30% and 10-28% respectively for 6 hours of cold exposure in summer.
And then every frequency component began to decrease in integrated value. After 10 hours of cold exposure, all the frequency components were reduced by between 8 and 10% of the controls.
Thus the activity of the medial septum was suppressed by cold exposure, while activity of the lateral septum was enhanced during the early phase of cold exposure.
However, the activity of the lateral septum began to be suppressed after prolonged exposure (between 6-12 hours) to cold. In winter,enhancement of activity of the lateral septum during the early phase of cold exposure was less relevant than in other seasons, and was seen only at the beginning of cold exposure. Amygdala As for the EEG recorded from the medial amygdala, slow wave components decreased remarkably under cold exposure, but fast components of 20-30 cps (the basic component) gradually increased.
This increase lasted for more than 3 hours, even after the animal was released from cold exposure. Other frequency band components showed a tendency to decrease slightly during cold exposure. Amygdalar activity was unique in that such a heightened activity continued even when the animal was no longer exposed to cold. EEG recorded from the lateral amygdala showed a decrease of amplitude by cold exposure and all frequency components were decreased in amplitude.
Thus, from the EEG pattern, medial and lateral amygdala show opposite changes under cold exposure (FIG. 2 amplitude sinusoidal waves. Then the component began to gradually decrease, and despite continued cold exposure, it almost returned to the control after 6 to 9 hours. But other frequency components of 2-4 cps, 8-13 cps, 13-20 cps and 20-30 cps, showed almost no change or a slight tendency to decrease. The initial change suggests increased activity of this region (FIG. 3) .
Anterior hypothalamus The medial preoptic area has been regarded as a center of heat dissipation. EEGs recorded from the lateral part and the medial part of this region show different basic patterns (FIG.4) .
The former has a fast wave of [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] cps as the basic wave. The EEG here hardly showed any change during the early phase of cold exposure. After 3 hours of exposure the basic component began to increase and after 12 hours of exposure, the increment was
B.
FIG.4.
Effects of cold exposure on EEG activity of the medial preoptic area (MPO).
The illustration below indicates the position of electrode tips A and B. Marked increase of fast wave observed in EEG recorded from the lateral part of MPO (A). After the 9 or 12 hours of exposure, EEG recorded from the medial part of MPO (B) showed an activated pattern of theta waves at the beginning of cold exposure. Note this difference of EEG response to cold. The EEG of the periventricular stratum in the anterior hypothalamus surrounding the third ventricle shows a 4-8 cps wave as the main component. This component increased gradually and slow waves less than 4 csp decreased when the rabbit was exposed to cold. The increment of integrated band value of 4-8 cps was 43-56% of the control level by 6-9 hours of exposure. Other frequency components hardly changed during cold exposure.
Seasonal variation was hardly seen with respect to the alteration in EEG activity of the anterior hypothalamus.
Basal hypothalamus SAWYER (1965) and KAWAKAMI (1966) reported that the ventromedial hypothalamus had a close relation to ACTH secretion. In every season EEG activity in this area was enhanced when a rabbit was exposed to extreme cold, and especially the 4-8 cps of the theta wave components increased remarkably among all the frequency band components . After 6 hours of cold exposure, it reached the maximum (24-45% increase) , and kept this same level for 12 hours of cold exposure.
When it was removed from the cold environment, the activity of the ventromedial nucleus returned to the control level within an hour. The time course of such a change in activity of the medial part of the basal hypothalamus was in accordance with the time course of biosynthesis of steroids in the adrenal cortex when a rabbit is exposed to extreme cold11). Therefore, this part is supposed to urge the releasing of ACTH, in response to cold stress . It was hard to see distinct seasonal variation in the EEG activity of this part under cold exposure .
EEG recorded from the arcuate nucleus and its adjacent region which is a final common pathway for the central nervous control of the adenohypophysis was not affected by exposure to cold. Lateral hypothalamus EEG of the lateral hypothalamus showed a theta wave of 4-8 cps as a basic wave in arousal state.
The activity was markedly depressed during cold exposure.
That is, all frequency components including the basic wave gradually decreased from the beginning of the exposure and the decrement of the basic component was 25-40% of the control level after 3 hours of exposure. Thereafter the reduction of EEG activity continued as long as the rabbit was exposed to cold. Seasonal variation was not obvious in the activity of this region. The effects of stimulation on rectal temperature were absent or remarkably reduced in adrenalectomized rabbit (FIG. 10) . On the other hand, when thyroidectomized rabbits were stimulated the delayed effects had almost the same intensity as intact animals.
Changes in body temperature
caused by stimulation of the brains of rabbits with the arcuate nucleus lesion. The arcuate nucleus and median eminence of the hypothalamus are known to be a common pathway of impulses which come from the limbic area and the other hypothalamic areas for the control of pituitary secretion. Rabbits in which the arcuate nucleus and adjacent region had been previously destroyed were observed with respect to the change in rectal temperature caused by stimulating the limbic area. It was observed that stimulation of the limbic area caused no noticeable rise in rectal temperature.
This fact suggests that the limbic-hypothalamopituitary system has an important role in effecting the rise of rectal temperature by stimulation of the limbic area.
DISCUSSION
In his cytoarchitectural study, GRUNTHALl" divided the hypothalamus longitudinally from the 3rd ventrocle outward, into three zones. KUROTSU13) made a further investigation and found that each of these divisions has a different type of autonomous function, and they called them a-parasympathetic zone, b-sympathetic zone and c-parasympathetic zone. The results of our experiment are discussed in the light of their theory as follows. It was proved that during exposure to extreme cold the medial preoptic area, ventromedial hypothalamus and posterior hypothalamus, which belong to the b-sympathetic zone, showed increased activity. Moreover, the rectal temperature rose remarkably in response to stimulation of these areas. Therefore, it is reasonable to assume that the activity of the sympathetic zone in the hypothalamus plays an important role in the maintenance of body temperature in extreme cold. Even in the parasympathetic zone of the hypothalamus, however, some areas such as the lateral hypothalamus and suprachiasmatic nucleus showed increased activity in response to exposure to extreme cold, and stimulation of these areas resulted in a rise in body temperature.
So it may be assumed that no only the sympathetic zone of the hypothalamus, but also some areas of the parasympathetic zone participate in the regulation of the body temperature.
According is elevated during cold exposure may support and add to the view which considers the basal hypothalamus as a focus for the negative feedback control of the ACTH releasing mechanism.
From these results we may draw the following conclusion.
In the early stage of exposure, the fast-acting factors, such as sympathetic nerves, adrenalin, etc., work for the maintenance of body temperature.
Later when exposure is prolonged, the limbic-hypothalamo-pituitary-adrenal axis and the limbic-hypothalamo-pituitary-thyroid axis cooperate for the maintenance of body temperature. The former, especially, plays a most important part in this maintenance.
It is confirmed that there exists an anatomical fiber connection from the hippocampus or lateral septum to the central grey and posterior hypothalamus.
The present experiment revealed that alteration and its time course of EEG activity in these regions during cold exposure resembled each other. That is, in these region synchronization of the theta rhythm characterized the EEG pattern during the first 6-9 hours of cold exposure, which then gradually returned to the control level in the next 3 hours. Thus, electrical activity of the hippocampus, central grey, lateral septum and posterior hypothalamus is elevated during the early phase of cold exposure.
On the other hand, the amygdala and the medial preoptic area showed similar alteration of activity during cold exposure. Although these regions seemed to be activated by cold exposure, the change appeared rather gradually and attained its maximum 9-12 hours after the start of exposure.
The relatively phasic response of the hippocampus, central grey and posterior hypothalamus to cold exposure and the tonic response of the amygdala and the medial preoptic area may be assumed to reflect the functional differentiation in the defense mechanism against extreme cold.
It is established that the amygdalar stimulation elevates the body temperature21, 10) and induces a group of responses which facilitate heat production and prevent heat loss by such mechanisms as elevation of blood sugar, piloerection of inhibition of respiration.
As described before, in an immature rabbit with undeveloped regulation of body temperature, the amygdala was the earliest structure to show activation by cold exposure, and the younger the subject examined the more remarkable the amygdalar activation in response to cold exposure. Therefore it may be assumed that the amygdala is ontogenetically the most primitive center for the regulation of body temperature. Activation of the amygdala caused by exposure to cold was observed at younger ages than hippocampal hyperactivity.
And when the hippocampal activation appeared under extreme cold, the amygdalar was reduced. It may be assumed from this fact with the progress of development, the hippocampus comes to have an important role in thermo-regulation in place of the amygdala.
In an immature rabbit, a phasic but remarkable activation of the hippocampus preceded an abrupt decline of body temperature.
As already H. NEGORO, M. YANASE AND M. MOHRI discussed, adult hippocampus also shows a phasic activation at the early phase of cold exposure, but without decline of body temperature. Considering out previous results that excitation of the hippocampus facilitates adrenocortical and thyroid activity, the phasic activation of this region may have significance as an emergent reaction for the maintenance of body temperature. This inference seems to be supported by our result that hibernating animals, like a ground squirrel (tamias cibiricus), wake up from hibernation, elevation of the body temperature is preceded by phasic hyperactivation of the hippocampus22).
The experiment on the change in body temperature under cold exposure showed that in summer the body temperature was lowered while in winter or after repeated exposure to cold it was, on the contrary, elevated. This fact may be interpreted as showing that in winter or after repeated exposure to cold, the animal was acclimated enough so that the temperature regulation is not disorganized by extreme cold. It was also found that the LEG activity of the limbic system is more remarkable affected in summer or at the first exposure to cold stimulus than in winter or after repeated exposure.
Analogous phenomena have been reported on peripheral organs. For example, in a cold acclimated mouse depletion liver glycogen is markedly less than in an original case23).
Thus it is assumed that after acclimation to cold environment, activation of the limbic structures is unnecessary and temperature control can be carried out without it. 
